Hepatocellular carcinoma (HCC) is recognized worldwide as the fifth most common solid cancer and the third leading cause of cancer-associated mortality \[[@b1-jptm-2015-10-09]\]. Although remarkable advancement in the treatment of HCC has been made over the past few decades, HCC is still related to a high rate of mortality because of its recurrence and metastasis \[[@b2-jptm-2015-10-09]\]. Increasing evidence has demonstrated that tumor maintenance and growth are nourished by a small subpopulation of cancer stem cells (CSCs) within the tumor mass. CSCs are hypothesized to be responsible for tumor initiation, recurrence, generation of distant metastases, and resistance to radiation and chemotherapy \[[@b3-jptm-2015-10-09]-[@b7-jptm-2015-10-09]\]. Recent research on HCC has centered on the issues of CSCs, which include identification of CSCs, expansion of CSC markers, and therapeutic targeting of CSCs \[[@b7-jptm-2015-10-09]-[@b11-jptm-2015-10-09]\], since CSC markers might be useful for estimating the prognosis of HCC patients. Several markers including epithelial cell adhesion molecule (EpCAM) \[[@b8-jptm-2015-10-09]\], keratin 19 (K19) \[[@b9-jptm-2015-10-09]\], CD133 \[[@b10-jptm-2015-10-09]\], and CD56 \[[@b11-jptm-2015-10-09]\] have been proposed as CSC markers in HCC, and they are termed stemness markers.

In the present study, the location and expression of four suggested CSC markers, namely EpCAM, K19, CD133, and CD56, were examined in paraffin-embedded tissue sections of 82 HCCs, and the relationships between expression of these markers and clinicopathologic characteristics of HCC were investigated.

MATERIALS AND METHODS
=====================

Patients and specimens
----------------------

This study was approved by the Institutional Review Board (IRB) of Chonbuk National University Hospital. Informed consent was obtained from all patients who underwent surgery according to the Helsinki Declaration. To examine the location and expression of four suggested CSC markers, we collected 91 surgical specimens of formalin-fixed, paraffin-embedded HCCs resected in the Department of Pathology, Chonbuk National University Hospital, between January 2011 and December 2013. Among these patients, nine underwent transarterial chemoembolization, which resulted in near total necrosis of the tissue. The remaining 82 patients were analyzed in our study. In each case, clinicopathologic findings, including age, gender, etiology, background liver disease, ascites, serological data including serum albumin level and α-fetoprotein (AFP) level, microvessel invasion, intrahepatic metastasis, histologic grade, and follow-up data, were obtained from hospital records. Tumors were staged according to the criteria of the 2010 American Joint Committee on Cancer (AJCC) TNM classification \[[@b12-jptm-2015-10-09]\]. Follow-up period was defined as the period from the date of initial surgery to the date of either last follow-up or death.

Immunohistochemistry
--------------------

For immunohistochemical (IHC) staining, 10% formalin-fixed, paraffin-embedded tissue sections of representative areas of tumor were prepared into 4-μm-thick tissue samples. IHC staining was performed using a fully automated IHC system with the Bond Polymer Refine Detection Kit (Leica Bond, Newcastle upon Tyne, UK) according to the manufacturer's instructions. The sources of antibodies used in this study and conditions of the procedure are listed in [Table 1](#t1-jptm-2015-10-09){ref-type="table"}. Peroxidase activity was detected with the enzyme substrate 3-amino-9-ethyl carbazole. The immunoreactivity of the specimens was interpreted according to the intensity of staining and proportion of positive cells. The intensity of cytoplasmic and membranous staining was graded into four levels: no immunostaining (0), weak (1), moderate (2), and intense (3). The proportion of positive cells was scored as follows: 0 (none), 1 (1%), 2 (2%--10%), 3 (11%--33%), 4 (34%--66%), and 5 (67%--100%). The sum index was obtained by totaling the scores of intensity and proportion of staining. If the final score was equal to or greater than 4, the immunoreactivity was considered positive; otherwise, the immunoreactivity was considered negative. For negative controls, sections were treated in the same way, except that they were incubated with Tris-buffered saline instead of primary antibodies.

Statistical analysis
--------------------

SPSS ver. 15.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Associations between the clinicopathological factors and expression of antibodies were tested using a chi-square test. Univariate and multivariate Cox proportional regression analyses for overall survival and relapse-free survival were performed. A p-value of \<.05 was considered statistically significant.

RESULTS
=======

Clinical features
-----------------

The 82 patients included 72 males and 10 females with a mean age of 57 years (range, 26 to 77 years). HCC formation was attributed to the presence of hepatitis B virus (HBV) surface antigen in 64 patients, alcohol-related complication in seven patients, presence of anti--hepatitis C virus antibody in four patients, and unknown etiology in seven patients. The surrounding liver tissue showed cirrhosis in 56% of the patients (46/82) and chronic hepatitis with varying degrees of fibrosis in the remaining 44% of the patients (36/82).

Expression of suggested CSC markers
-----------------------------------

In cirrhotic livers, all four examined markers showed intense immunoreactivity in proliferating reactive bile ductules. These ductules are thought to originate from hepatic progenitor cells and thus were considered as an internal positive control. EpCAM expression in HCC tissues showed intense cytoplasmic and/or membranous staining ([Fig. 1](#f1-jptm-2015-10-09){ref-type="fig"}). In 82 HCC samples, 46 were EpCAM-positive (56%) and five were K19-positive (6%). Of the 82 HCCs, only two cases showed CD133 and CD56 expression, respectively.

Correlations between expression of suggested CSC markers and clinicopathological features
-----------------------------------------------------------------------------------------

Analysis of the relationships between expression of K19, CD133, and CD56 and clinicopathologic features was not meaningful, since the number of cases with K19, CD133, and CD56 expression was very small. However, EpCAM expression significantly correlated with higher histologic grade (p=.006), elevated AFP level (p=.001), and microvessel invasion of the tumor cells (p=.030) ([Table 2](#t2-jptm-2015-10-09){ref-type="table"}). Additionally, EpCAM expression was strongly associated with K19 expression (p=.041).

Outcome
-------

In 82 patients with HCC, follow-up intervals ranged from 0.1 to 69 months (mean of 23 months). Eleven patients died, and 16 showed local recurrence or latent distant metastasis. The mean overall survival time of patients with EpCAM-expressing HCC was 57.2±3.7 months, while that of EpCAM-negative HCC was 62.0±2.9 months. The mean relapse-free survival time of patients with EpCAM-expressing HCC was 40.5±5.9 months, while that of patients with EpCAM-negative HCC was 53.8±5.0 months. However, these results were not statistically significant. In univariate Cox regression analysis, T category significantly correlated with poor patient overall survival (p=.003). Additionally, T category, preoperative serum AFP level, and vascular invasion were associated with decreased relapse-free survival (p=.019, p=.048, and p=.011, respectively). Multivariate analysis revealed that T category and vascular invasion were independent indicators of relapse (p=.011 and p=.007, respectively).

DISCUSSION
==========

Carcinogenesis is currently explained using two models, one involving a traditional stochastic onset and a second based on the role of CSCs. According to the CSC model, only a small population of tumor cells has the ability to divide and repopulate within the tumor \[[@b7-jptm-2015-10-09],[@b13-jptm-2015-10-09]\]. CSCs are responsible for tumor initiation, maintenance, growth, metastasis, and relapse after therapy \[[@b3-jptm-2015-10-09]-[@b6-jptm-2015-10-09]\]. The expression of several proposed CSC markers in HCC has been reported and might prove to be useful for predicting the prognosis of HCC patients \[[@b11-jptm-2015-10-09],[@b14-jptm-2015-10-09]-[@b16-jptm-2015-10-09]\]. However, little is known about the relationships between the IHC expression of CSC markers in paraffin-embedded tissue sections and clinicopathologic factors or clinical outcomes of HCC.

EpCAM is a transmembrane intercellular protein that was initially posed as a homophilic cell adhesion molecule \[[@b17-jptm-2015-10-09]\] and is highly up-regulated in most human epithelial cancers, including HCC \[[@b14-jptm-2015-10-09]-[@b16-jptm-2015-10-09],[@b18-jptm-2015-10-09]\]. EpCAM has been validated as a marker of stem cells in the liver, and EpCAM-positive HCC is likely to have originated from hepatic stem cells \[[@b8-jptm-2015-10-09],[@b15-jptm-2015-10-09],[@b16-jptm-2015-10-09],[@b19-jptm-2015-10-09]\]. In the present study, we observed that EpCAM expression significantly correlated with tumor progression factors of HCC, such as elevated AFP level, vascular invasion, and high tumor grade. These findings are in agreement with previous studies showing that expression level of EpCAM correlates with de-differentiation \[[@b11-jptm-2015-10-09]\] and vascular invasion and is associated with the high AFP level in HCC \[[@b20-jptm-2015-10-09],[@b21-jptm-2015-10-09]\]. The prognosis of patients with EpCAM-negative HCC is considered to be better than that of those with EpCAM-positive HCC \[[@b11-jptm-2015-10-09],[@b14-jptm-2015-10-09]-[@b16-jptm-2015-10-09],[@b20-jptm-2015-10-09],[@b21-jptm-2015-10-09]\]. Although EpCAM expression was not found to be an independent predictor of survival in patients with HCC in this study, EpCAM expression was found to be associated with well-known unfavorable prognostic factors in HCC. Thus, the use of EpCAM expression as an unfavorable prognostic factor of HCC is reasonable. Furthermore, gene expression profile study has demonstrated that EpCAM-positive and AFP-positive HCCs have more aggressive behavior and poor clinical outcome, whereas EpCAM-negative and AFP-negative HCCs have good prognosis \[[@b20-jptm-2015-10-09]\]. Based on these observations, EpCAM has attracted considerable attention as a possible therapeutic target for patients with HCC \[[@b7-jptm-2015-10-09],[@b8-jptm-2015-10-09],[@b13-jptm-2015-10-09]\]. Taken together, our findings suggest that EpCAM is a critical player in facilitating vascular invasion of tumor cells, leading to de-differentiation in HCC with high serum AFP level, and might be useful for predicting the prognosis of HCC patients. In this study, a proportion of HCCs (56%) expressed EpCAM, and EpCAM expression was associated with K19 expression. These findings are in agreement with previous reports showing that the expression of EpCAM and K19 was positively correlated \[[@b15-jptm-2015-10-09],[@b21-jptm-2015-10-09]\]. The proportion of tissues expressing EpCAM in this study was a little higher than in earlier series, which reported EpCAM in 15.9%--48.7% of HCCs \[[@b15-jptm-2015-10-09]-[@b17-jptm-2015-10-09],[@b20-jptm-2015-10-09]-[@b23-jptm-2015-10-09]\]. Kimura *et al*. \[[@b23-jptm-2015-10-09]\] have demonstrated that EpCAM expression was observed more often in HCC patients with HBV than in those with other etiologies, and the immunoreactivity of EpCAM has been found in up to 78% of HCC patients with HBV. The high proportion of HCC patients with HBV (74%) examined in this study might be a possible explanation for the higher EpCAM-positive rate. It has been hypothesized that the transformation of hepatic stem/progenitor cells (maturation arrest theory) underlies the occurrence of HCC expressing CSC markers. However, the concept of the CSC model is still debated. The expression of CSC markers in HCC can develop as an acquisition of progenitor cell features during the de-differentiation of cancer cells (de-differentiation theory) \[[@b5-jptm-2015-10-09],[@b15-jptm-2015-10-09]\]. Kim and Park \[[@b24-jptm-2015-10-09]\] have proposed that HCC expressing CSC markers should be designated as "HCC with stemness-related marker expression" in order to avoid the implication that these HCCs originated from hepatic stem/progenitor cells.

Either CD133 or CD56 expression in this study was rare. Only two of 82 HCC specimens showed positive staining for CD133 and CD56, suggesting that CD133 and CD56 expression is rare in paraffin-embedded HCC tissues. It has been reported that 0%--88% \[[@b11-jptm-2015-10-09],[@b15-jptm-2015-10-09],[@b16-jptm-2015-10-09],[@b25-jptm-2015-10-09]\] of human HCC tissue samples express CD133, and the expression of which is negatively correlated with presence of HBV \[[@b26-jptm-2015-10-09]\]. Several IHC studies have demonstrated CD56 expression in 0%--9.7% of human HCCs \[[@b11-jptm-2015-10-09],[@b25-jptm-2015-10-09],[@b27-jptm-2015-10-09],[@b28-jptm-2015-10-09]\]. The reason for this high discrepancy of positive rate of CD133 and CD56 in HCC is unclear. In our study, we employed the bond polymer IHC staining method to avoid endogenous biotin contamination, and all four examined markers always showed strong immunoreactivity in reactive bile ductules, which were considered as internal positive controls. The discrepancy in the expression rates of CD133 and CD56 is not easily explained but might be related to the different criteria for positivity, the quality of tissue samples analyzed, and the unique antibodies and immunostaining methods used in different studies. Our negative results in analysis of CD133 and CD56 through the use of specific antibodies in an established automated IHC system does not exclude the presence of these markers and can be linked to the different etiologies according to geographic background. Additional investigations with a larger population of HCC and strict criteria for positive immunoreactivity are necessary to determine the expression and clinical implication of these markers.

In conclusion, we showed that the EpCAM expression in paraffin-embedded tissue sections of HCC is associated with tumor progression factors and might be useful for predicting the prognosis of HCC patients. The high proportion of EpCAM expression in HCCs and its associations with unfavorable prognostic factors of HCC provide a basis for further investigation of anti-EpCAM--targeted therapy.
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![(A) Membranous expression of epithelial cell adhesion molecule (EpCAM) in hepatocellular carcinoma cells. Bile duct epithelial cells also showed strong expression of EpCAM (arrow). (B) Tumor cells with cytoplasmic reactivity for keratin 19. Absence of CD133 (C) and CD56 (D) immunoreactivity in tumor cells (T). Note the positive immunoreactivity for CD133 and CD56 in bile ductular cells (arrows).](jptm-2015-10-09f1){#f1-jptm-2015-10-09}

###### 

Summary of antibodies and conditions used for immunohistochemistry

  Antibody   Clone    Source               Dilution   Antigen retrieval                             Antibody incubation
  ---------- -------- -------------------- ---------- --------------------------------------------- --------------------------
  EpCAM      VU-1D9   Calbiochem           1:500      BOND ER solution I (pH 6.0), 100°C, 20 min    Room temperature, 20 min
  K19        BA17     DakoCytomation       1:100      BOND ER solution I (pH 6.0), 100°C, 20 min    Room temperature, 20 min
  CD133      AC133    Miltenyi Biotec      1:50       BOND ER solution II (pH 9.0), 100°C, 20 min   Room temperature, 20 min
  CD56       123C3    Zymed Laboratories   1:400      BOND ER solution II (pH 9.0), 100°C, 20 min   Room temperature, 20 min

EpCAM, epithelial cell adhesion molecule; K19, keratin 19.

###### 

The relationship between the expression of suggested stem cell marker EpCAM and clinicopathologic characteristics

  Characteristic            No.          EpCAM             
  ------------------------- ------------ ------- ---- ---- ------
  Age (yr)                  \< 60        49      30   19   .254
                            ≥ 60         33      16   17   
  Sex                       Female       10      7    3    .344
                            Male         72      39   33   
  AFP (ng/mL)               \< 100       58      26   32   .001
                            ≥ 100        24      20   4    
  Albumin (g/dL)            ≥ 3.5        79      45   34   .418
                            \< 3.5       3       1    2    
  PIVKA-II (mAU/mL)         \< 50        26      25   1    .798
                            ≥ 50         44      24   20   
  T category                I            34      16   18   .230
                            II           36      24   12   
                            III and IV   12      6    6    
  Cirrhosis                 Absence      36      24   12   .088
                            Presence     46      22   24   
  Etiology                  Non-viral    14      7    7    .614
                            Viral        68      39   29   
  Microvessel invasion      Absence      39      17   22   .030
                            Presence     43      29   14   
  Intrahepatic metastasis   Absence      67      36   31   .362
                            Presence     15      10   5    
  Ascites                   Absence      75      44   31   .125
                            Presence     7       2    5    
  Histologic grade          1 and 2      50      22   28   .006
                            3 and 4      32      24   8    
  K19                       Negative     77      41   36   .041
                            Positive     5       5    0    

EpCAM, epithelial cell adhesion molecule; AFP, α-fetoprotein; PIVKA-II, protein induced by vitamin K absence/antagonist-II; K19, keratin 19.
